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摘   要 










































































The applications of nanomaterials have receivied growing attention due to their 
unique physicochemical properties. At present， there are several physical and 
chemical methods for synthesis of metal nanoparticles. However，development of 
simple and eco-friendly synthetic route would help promoting further interest in the 
synthesis and application of metal nanoparticles. Nature has provided exciting 
possibilities of utilizing biological systems for this purpose. This comes from the fact 
that microorganisms while interacting with metal ions have shown to reduce the ions 
and form metal particles. This study aims at the characteristic of biosorption and 
bioreduction of Ag(Ⅰ) by Bacillus licheniformis R08, which was isolated from gold 
mine. Silver nanoparticles produced by biorediction with R08 had been attempted to 
apply in antibosis and catalyst preparation. The main contents and some successful 
results have been listed as following. 
The biosorption properties of Bacillus licheniformis R08 for silver ions were 
evaluated. Experimental parameters, including pH, temperature, biosorption time，
initial silver ion concentration and biomass concentration were optimized with a 
univariate experimental design. Under the optimized conditions, the silver biosorption 
capacity and biosorption efficiency could reach 76.3mg⋅g-1 and 76.3%, respectively. 
Equilibrium isotherms of biosorption by R08 were fitted by Langmuir equation and 
the theoretical maximum biosorption capacity was 136 mg⋅g-1. No surface 
morphology change of the dried biomass of R08 was observed after biosorption. The 
mechanisms of silver biosorption by R08 were discussed. Results showed that silver 
biosorption by R08 mainly depended on electrostatic adsorption, ion exchange, 
complexation and deposition. Amino and carboxyl groups were confirmed to be the 
main active groups that could combine with silver ions.  
The bioreduction of [Ag (NH3)2]+ by R08 was well promoted by introduing OH- 
to the system. Experimental parameters, including [OH-], temperature, initial silver 
ion concentration and biomass concentration were optimized with a univariate 
experimental design. Under the optimized conditions, the reduction time was 















higher than 90% and the average size of silver particles was 5.2 nm. Similar reduction 
could take place when [Ag (NH3)2]+ was replaced by AgNO3 or Ag2O. As the silver 
bioreduction presented the characteristic of autocatalysis, the reaction mechanism 
probably followed the course of Ag2O→Ag2O-Ag0→Ag2O-Agn0→Agn0. FTIR spectra 
showed the amino, hydroxyl, carbonyl and carboxyl groups might play important 
roles during the bioreduction process. 
The free silver sol presented good antibacterial performance towards the S. 
aureus and E. coli. When the concentration of silver sol was 2.5 mg⋅L-1, antibacterial 
efficiency towards the S. aureus and E. coli reached 90.4% and 96.8%, respectively. 
Silver immobilized on α-Al2O3 (1%Ag) had faster antibacterial speed than free 
silver sol. The time to reach 100% antibacterial efficiency towards the S. aureus and E. 
coli were 5 min and 30 s, respectively. Water-soluble nanosilver powder could be 
prepared by precipitating the silver sol with organic solvent as precipitator, such as 
ethanol and acetone. The silver particles could keep their original size after 
precipitation and the silver mass content of the silver powder was higher than 50%. 
Silver catalysts used for ethylene epoxidation were prepared by loading 
nanosilver produced by bioreduction on α-Al2O3, which had the selectivity of 87% 
superior to those prepared with traditional chemical methods. SEM images indicated 
the active component prepared with bioreduction method had better dispersibility due 
to the protection of sponge frame formed during the calcination. Since high silver 
loading and low specific surface area support were required for EO catalysts，it was 
difficult for active component to keep the original size (<10 nm). A kind of 
polyporous silver and silver nanoparticle/amorphous carbon composite could be 
prepared by treatment at high temperature under the atmosphere of air and nitrogen, 
respectively. 
This study is helpful to the better understanding of silver biosorption and 
bioreduction processes. Moreover, it provides a cost-effective and eco-friendly 
technique for the preparation of silver nanoparticles. 
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第 1 章  前言 
材料所具有的各项物理化学性质外，还有其它独特的性能。例如，银的常规熔点
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